The shock impacts on the railway vehicles with two-stage spring suspension excite in working mode. These impacts change the kinematics components of the movement, i.e. linear and angular speeds at the end of the shock process and free damped vibrations of the mechanical system arise. In this paper, our aim is to perform a dynamic scaling of the original model in order to build up a new double mass model utilizing viscoelastic properties which is smaller with small masses and is easier to work even possible in laboratory conditions. The new dynamically scaled model is supposed to perform the same behaviour as the original one if its natural frequencies are the same with the original model. The two masses M 1 and M 2 of the new double mass scaled utilizing viscoelastic properties model are calculated after optimization performed with numerical calculations of the characteristic polynomial varying with masses in order to fit the same natural frequencies. The objective of the work presented in this paper is to model the shock-vibrations response of the railway vehicle using a scaled model utilizing viscoelastic properties and to compare the results derived here with the results obtained using the original model.
1. Introduction. In this paper the influence of the shock impacts on the railway vehicles with two-stage spring suspension is analyzed. These impacts are excited in working mode when the transport vehicle passes through the splice of the rails. Shock loads arise as a result of this process. They load up the railway vehicles and change the kinematics components of the movement -linear and angular speeds.
Originally, three technical studies [ [14] [15] [16] ] were used as a scientific background for the up to date investigation. The original analytical models were derived in [ 15, 16 ] and the whole analytical study was summarized in [ 17 ] . The 3D finite element method "benchmark" model was analyzed and reported before [ 14 ] . The "benchmark" model which is used as a basic cell for the building up of the scaled model was investigated and reported before [ 14 ] . The "benchmark" model utilizes viscoelastic properties of rubber is shown in [ 14 ] . The free damped vibrations are investigated and reported before [15] [16] [17] . These vibrations arise in consequence of the shock impacts [ 17 ] .
The mechanical system has final number degrees of freedom. The movement of the system is described with the same number generalized co-ordinates. The integration constants are determined by the initial conditions, i.e. from the state of the system at the end of the shock impact [ 15, 16 ] . The analysis of the received decision allows determining the action of the impulses on the basic elements of the railway vehicles. It is investigated in what way these basic elements, like springs and dampers, react to the shock-wave processes so that the normal work of transport vehicle in working mode to be guaranteed.
In the present paper, our aim is to perform a dynamic scaling of the original model in order to build up a new double mass model utilizing viscoelastic properties which is smaller with small masses and is easier to work with even in laboratory conditions. The new dynamically scaled model is supposed to perform the same behaviour as the original one, if its natural frequencies are the same with the original model. The two masses M 1 and M 2 of the new model, the adduced masses of the bogie and the carriage, respectively are calculated after optimization performed with calculations of the system characteristic polynomial varying with masses in order to fit the same natural frequencies. In this way, the dynamically scaled model is built up out of the so called "benchmark" model, reported before [ 14 ] . The natural frequencies of the scaled model after performing a modal analysis are presented on Table 1 .
The objective of the work, presented in this paper is to model the shockvibrations response of the railway carriage using a scaled double mass dynamic model utilizing viscoelastic properties and to compare the results derived here with the results obtained previously using the original model.
2. The shock-vibrations response. The railway vehicle performs free damped vibrations, analyzed in [ 15, 16 ] as a result of the shock impacts. These vibrations are investigated through the dynamic model shown in Fig. 1 [ 15-17 ]. We define the following symbols: m a , J ay , m b , J by , m w , J wy are the masses and the mass inertia moments of the axle shaft, the frame of the bogie and the crate of the carriage, respectively, 2l b and 2l w are the bases of the bogie and the crate of the carriage, respectively, 2L w and 2H w are the length and the height of the (1) 
In this case the following input data are used [ 1, 2, 6 ]:
3.1. Stiffness determination of the "benchmark" model. The stiffness determination of the cylindrical body manufactured of rubber [ 14 ] is defined by the formula
where E is the Young's modulus, A is the cross sectional area, L is the height of the rubber cylinder. Formula (4) considering the shape of the rubber body can be rewritten in the following way:
where β = 2 is a numerical constant, s is the shape factor. In this equation, the so-called shape factor s is equal to the ratio of the area of one loaded surface to the total force-free area. The shape factor of a rubber cylinder of diameter D and height L, for example, is equal to D 4L . We can perform the following calculations:
The model, presented in 3.2. Natural frequencies determination of the "benchmark" model. The two mutually related natural frequencies can be calculated using the characteristic polynomial of the system differential equations, shown below
The two natural frequencies after calculation are derived below [ 7, 8, 15 ]
Now, our aim is to perform a dynamic scaling of the model, shown in Fig. 1 , in order to build up a new double mass model which is smaller with small masses and is easier to work with even in laboratory conditions. The new dynamically scaled model is supposed to perform the same behaviour as the original if its natural frequencies are the same with the model shown in Fig. 1 . The two masses M 1 and M 2 of the new model are calculated after optimization performed with calculations of the characteristic polynomial (9) varying with two masses in order to fit the same natural frequencies and being equal to:
In this way, the dynamically scaled model is build up out of the so-called "benchmark" model and presented in Figs 2 and 3. The natural frequencies of the scaled model after performing a modal analysis are presented in Table 1 , listed below. The two mode shapes 5 and 11 correspond to the main resonant bouncing frequencies and the mode shape of frequency mode No 5 is presented in Fig. 3 .
Dynamic analysis is performed using the scaled model presented in Fig. 2 and the amplitudes of displacements and velocities of the two masses M 1 and M 2 are calculated and shown in Fig. 4 .
The scaled model is build up of a construction which is a combination of four "benchmark" models at the basis and one on the top in order to fit the desired natural frequencies. The plate between the two levels is the mass (scaled) of the bogie, which is adjusted by means of the proper density with the mass M 1 and the volume of the intermediate plate. In the same way, the mass of the carriage crate M 2 is presented as the mass (scaled) of the plate on the top. This mass is adjusted by means of the definition of the proper density defined by the mass over the volume of the plate. As it is mentioned above, the two main frequencies and the corresponding bouncing shapes are No 5 and 11 on Table 1 and we should expect the two bodies' motion to be in the same quality, as it is shown in Fig. 3 . That is why the displacement plots shown in Fig. 2 , we can consider as correct, corresponding to the bouncing motion of the model (see Fig. 3 ). Here, we must clearly point out that in this study we investigate only the shock impact, not the motion as a whole. The displacement plot -amplitude of displacement is shown in Fig. 2 and the amplitudes of the two masses -the middle one and the top one -amplitudes of displacement and velocities are presented in Fig. 4 . 4. Analysis of the results and recommendations. In this paper, an attempt is performed by the authors at modelling the shock-vibration loading in a railway carriage using a "benchmark" model vibroisolator, utilizing viscoelastic properties. A new approach is performed to the classical railway carriage suspensions, utilizing springs. Results are compared among the spring suspension model, presented in Fig. 1 , and the dynamically scaled model, utilizing viscoelastic properties presented in Figs 2 and 3 . Amplitudes of the displacements and the velocities of the bogie and the carriage are presented in Fig. 4 . These amplitudes of the scaled model obviously are smaller than the amplitudes of the original spring suspension model. Naturally, using a softer suspension as it is in the case of utilizing viscoelastic material-rubber at the moment, for example, ensures smaller amplitudes of the displacements and the velocities. In this way, the suspension cuts-off the amplitude of the shock impact excited by the railway and the energy of the shock is transformed into heat, released in the air. The suspension of the original spring model is much harder and the metal spring cannot react properly to the shock-vibration impact, actually there is no time to react. That is why, authors accept the viscoelastic approach in order to achieve a softer suspension and a proper reaction of the vibroisolator to the impact. On the other hand, a question arises whether it is possible for the soft viscoelastic suspension to carry on the heavy carriage full of passengers, which activity obviously can be performed by the spring suspension. The decision naturally comes with a combination of both models -the spring suspension to carry the load, while the viscoelastic vibroisolator to cut-off the shock-vibration impact. This combined model will be investigated in a future work.
Conclusion.
In the work presented in this paper, the shock-vibrations responses of the railway vehicles are modelled using a scaled double mass dynamic model utilizing viscoelastic properties and the results derived here are compared with the results obtained using the original model. The following basic conclusions can be derived:
• The suspension which utilizes viscoelastic properties is much softer and much more compatible for shock-vibration loading;
• The parameter values of the scaled model, namely the amplitudes of displacement and velocity of the two masses are lower than in the original model, utilizing a spring suspension. The decision naturally comes with a combination of both models -the spring suspension to carry the load, while the viscoelastic vibroisolator to cut-off the shock-vibration impact. This combined model will be investigated in a future work.
